Introduction
Standard cardiovascular risk factors can only account for about half of all cases of ischaemic heart disease in the United States [1] [2] [3] . Therefore identifying additional factors associated with the onset or aggravation of ischaemic coronary heart disease (ICHD) remains a high priority task. It has been known since the birth of cardiology that acute emotional arousal influences acute cardiac function [4] . However, only in the last two to three decades has epidemiological evidence been amassed demonstrating that psychosocial/emotional distress is, in fact, a strong prospective predictor of clinical outcomes [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] .
The mechanisms underlying this relationship are probably multiple [21] [22] [23] [24] , and involve both psychoneuroendocrine (for example, provocation of ischaemia or platelet aggregability/adherence by acute or chronic emotional arousal) and psychobehavioural (for example, decreased compliance such as diminished smoking cessation, or maintenance of abstinence) pathways. As the only true experiment in risk factor research, several randomly-assigned, controlled treatment studies targeting psychosocial/emotional distress, and finding improved chest pain [25] [26] [27] [28] as well as decreased myocardial infarction or death [16, 18, 29] , have made this area of research arguably one of the most promising venues for future therapeutic advances.
One major barrier to routine use of emotional distress as a clinical target for improving outcomes in IHD is the lack of a consensually accepted method for bedside or clinic identification of patients likely to benefit from treatment. Should all patients with ICHD be referred to behavioural evaluation and intervention? Or is there an identifiable subset of patients who are likely to benefit? How can the non-behaviourally trained internist or cardiologist efficiently and effectively identify those patients with ICHD who need further work-up and treatment? Available prospective studies suggest that brief psychometric screening may provide a means for identifying patients needing further evaluation/treatment. However, because all previous prospective studies contain only one or a few psychometric measures, no single-sample comparison of the relative strength and independence of the available measures exists.
One empirically rational way of determining the most promising screening tools is to use the strongest published univariate risk ratios for mortality. While one could make a case for using only the residual risk ratio after the influence of other risk factors has been removed from the outcome variable, at least two obvious objections to this strategy exist. First, investigators have not always been exhaustive, thorough and consistent about including all the major cardiovascular risk factors in their studies. This lack of uniformity means that any test of residual risk compared across studies will likely be misleading. Secondly, a number of the major cardiovascular risk factors may in fact be mediating pathways for the impact of the psychosocial factor (for example, compliance with smoking cessation and/or relapse avoidance). To remove the influence of the mediating risk factor would incorrectly remove some of the relevance of the psychosocial factor. Thus, the most straightforward way of assessing the potential predictive power of the psychosocial risk factors is to use published unadjusted risk ratios. These risk ratios are noticeably larger than those observed for standard cardiovascular risk factors [1] [2] [3] 18] . The most promising measures available in English are displayed here (Table 1) with their best reported unadjusted risk ratios for death in various ICHD populations.
These psychometric screening tools have all shown promise as prospective predictors of cardiac events, but the Crown-Crisp Phobic Anxiety Scale, Cook-Medley Ho Scale, Type D Scale, Ketterer Stress Symptom Frequency Checklist and Beck Depression Inventory have shown the strongest or most consistent capacity for predicting events.
It has long been suspected that cardiac patients are prone to 'denying' or minimizing the degree of their emotional distress [30] [31] [32] [33] [34] [35] [36] . Several empirical investigations now support this belief:
(1) Expert-rated 'potential for hostility' predicts morbidity and mortality in initially healthy populations [10] as well as restenosis among patients referred for catheterization following angioplasty while self-report does not [37] ;
(2) Social inhibition in combination with acknowledged emotional distress predicts mortality in patients with ICHD [11, 38, 39] ;
(3) 'Anger-in' (the acknowledged propensity to suppress the experience/expression of anger) predicts arrhythmic events among ICHD patients [40] ;
(4) 'Defensive hostility' (high social desirability in combination with cynical beliefs about others) predicts which ICHD patients become ischaemic with mental stress provocation [41] ;
(5) Spouse, but not self-, ratings of hostile attributions predict the presence of reversible defects on thallium imaging [42] ;
(6) On parallel versions of the same questionnaire, spouse or friend perceived depression correlates with coronary artery disease severity while self-reported depression does not [43] ; and (7) Denial of anger (spouse/friend minus self-report) is a strong independent predictor of mortality in patients with ICHD [17] .
Thus, while the psychological mechanism(s) causing this difficulty in relying on self-report are unclear, and perhaps not even consistent from person to person or, for a given individual, from time to time [44, 45] , its pertinence to quantifying psychosocial/emotional distress is becoming unavoidable. In clinical care, a long tradition of checking collateral sources (e.g., laboratory tests, exogenous stressors or reports from family, nursing staff, medical records) to confirm the presence or absence of stigmatized behaviours (e.g., alcohol/drug use, psychiatric conditions) exists. We have developed an objective, healthy-population normed method of quantifying 'denial' of emotional distress by subtracting patient self-ratings of emotional distress from spouse/friend observed ratings on parallel versions of the Ketterer Stress Symptom Frequency Checklist (KSSFC) [17] . In addition, Denollet [46, 47] has found that social inhibition combined with emotional distress is a strong predictor of cardiac outcomes.
The present study was intended as a pilot investigation of the confounding/ independence of various proven psychometric predictors of mortality in ICHD populations as correlates of age at initial diagnosis. 
Methods

Analysis
The P o 0.05. level of significance was used.
The inter-relationship (and thus confounding/independence) of the psychometric measures was examined by running a correlation matrix for the continuous variables, and t-tests for the Type D Scale.
Univariate analyses (t-tests and Pearson productmoment correlation coefficients) were run between the psychometric measures and traditional risk factors, and age at initial diagnosis.
For only the psychometric measures, a Stepwise Multiple Regression was run to see if any of the psychosocial factors retained predictive value once the first was entered.
For the subgroup of subjects for whom Spouse/Friend KSSFCs were received, the same univariate and multivariate tests were rerun.
Results
The correlation matrix, and t-test for the Type D classification, revealed that almost all the scales were moderately to strongly related to one another. Only the Crown-Crisp Phobic Anxiety Scale was somewhat independent of some of the other scales, but still significantly associated with self-reported Depression and Anxiety on the Ketterer Stress Symptom Frequency Checklist as well as the Beck Depression Inventory ( The stepwise multiple regression of the psychometric measures, for both the total sample and the Spouse/ Friend KSSFC subgroup, both yielded only one significant predictor with all others losing significance once the first was controlled. Both regressions yielded an AIAI scale of the KSSFC; self-report in the total sample and spouse/friend report in the subgroup as the sole surviving predictor of age at initial diagnosis (Table 4 ). 
Discussion
Clinical care of psychosocial/emotional distress in ICHD populations is almost wholly neglected, despite compelling evidence of reduced chest pain [25] [26] [27] [28] , reduced ischaemia [25, 51] , greater compliance [52, 53] and reduced death and MI rates in response to treatment [29] . One barrier to accomplishing such care is the absence of a brief, and validated, screening tool(s) for identifying patients at risk for the various adverse outcomes. In prospective studies, multiple psychometric questionnaires have been found to have strong predictive power. However, the extent to which these instruments are redundant, or independent, in predicting clinical outcomes remains unclear. The present study was intended as a pilot investigation into this question, using age at initial diagnosis, as a cross-sectional proxy for likely disease malignancy.
The limitations of the present investigation include the nature of the sample (patients referred for stress management), which may have skewed the results in unpredictable ways. Given the average scores observed in this sample, it is clear that this is a highly distressed sample. This result might be expected to constrain natural variability in the sample, and thus weaken any of the observed associations. Additionally, patients for whom the first sign of ICHD was sudden death or those who were not identified by referring physicians as 'stressed' would not be included here. Totally asymptomatic patients would also have been unavoidably excluded. It is impossible to know whether these sampling biases would have strengthened or weakened the observed relationships. For example, if the relationships observed here, and in multiple prospective studies [18] , are real, then those patients dying young and without prior diagnosis would be expected to be the most extreme cases. Given that they are not included in this sample, a conservative bias exists. A non-clinically selected sample recruited from a source of patients with known ICHD status (e.g., patients with coronary artery disease by catheterization) would be needed to minimize/avoid these potential biases.
Another consideration is the very strong association of current age and age at initial diagnosis. The most simple explanation of this effect is that patients who are diagnosed earlier are also likely to be referred for stress management earlier. However, the possibility of a cohort effect might be entertained; perhaps younger people are intrinsically more distressed regardless of disease status? In fact, in cross-sectional epidemiological studies, the rate of depression and some anxiety disorders is higher in younger age groups [54] . This is generally attributed to a higher death rate among emotionally distressed subjects [55, 56] because of more suicides; increased accidents; greater nicotine, alcohol and drug usage [57, 58] ; noncompliance to chronic preventive medical regimens [52, 59, 60] ; and diminished immunocompetence [61, 62] or greater sympathoadrenomedullary arousal [63] . Thus, we believe the strong association of current age and age at initial diagnosis (AID) is an artifact of earlier referral.
We observed a strong propensity for multiple measures of emotional distress to be intercorrelated, raising questions about whether only one (or a few) are necessary in clinical settings to identify at-risk patients. The redundancy of the psychometric measures in predicting age at initial diagnosis in the multiple regressions confirms this belief, and replicates our previous study [64] . Once one validated measure is used, the others seem to lose any utility as correlates of age at initial diagnosis. This finding needs to be replicated in a prospective fashion for all important clinical outcomes (i.e., emotional distress, chest pain, disability, non-fatal MI, death and, arguably, health system utilization) before firm screening recommendations can be made.
We believe it important that a measure of anger/ hostility emerges from both of our multiple regressions as the single unique and most potent predictor variable. This finding replicates our results from a previous sample [64] , and implies that anger/hostility may be the earliest phase of stress for many patients developing early heart disease [65] [66] [67] .
Body Mass Index, History of MI and Early Family History of coronary heart disease were related to age at initial diagnosis as might be expected. The fact that Packyears of Smoking and History of Hypertension are counter-hypothetically related to early diagnosis also replicates our previous results [64] . While the selection biases operative in our sample may account for this, it is also possible that within a sample selected to have known coronary artery disease, a strong smoking history and hypertension may only predict later onset ICHD. Such a finding might account for the loss of predictive power commonly observed in prospective studies for these factors in diagnosed, as opposed to initially healthy, samples [1] [2] [3] . Again, prospective data must settle this issue.
Present results need replication in a single-sample, prospective risk factor study using all-important clinical endpoints. Ideally such a study would be large enough to examine the sexes separately since males and females may differ in acknowledging emotional distress [68] . However until such a dataset becomes available, we believe clinicians are justified in using any of the prospectively-validated, unique psychometric scales with the strongest risk ratios [18] for screening purposes. Some of these instruments are brief, and easily scored and could therefore be used to provide immediate feedback for patient-doctor discussion (e.g., the Beck Depression Inventory or the Crown-Crisp Phobic Anxiety Scale), while others require more complex scoring algorithms (e.g., the Ketterer Stress Symptom Frequency Checklist or the Type D Scale) necessitating a delay in availability of results to clinicians. The content of some scales (e.g., sexual or suicidal items) may make some instruments less acceptable to patients or physicians (e.g., the Beck Depression Inventory).
